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Figure. S1 Mass spectrum of 1 nm carbazolyl thiol capped AuNPs (A); TEM images of carbazolyl thiol capped 5 (B) and 10 nm (C) AuNPs. Scale bar: 100 nm. Electrospray mass spectrometry was used to characterize 1 nm AuNPs carrying 25 gold atoms and 18 ligands. S1 The molecular ion peak of 10007.4 is exactly corresponding to the molecular mass of 1 nm AuNPs, indicating that the 1 nm AuNPs was successfully synthesized. (0.16 g, 4 mM, 10 equivalents versus the moles of gold, freshly made in 7 mL ice-cold water)
was quickly added all at once. The mixture was allowed to react overnight under N 2 atmosphere.
The solution mixed with ethanol was centrifuged at 8000 r.p.m. for 5 min to remove any large aggregates of nanoparticles and excess Cbz(CH 2 ) 6 SH. The supernatant was removed and the precipitate was taken and dissolved in the mixed solution again for further centrifugal process with same processes for twice. In the end, a drop of the centrifuged solution was dipped onto a copper grid for TEM measurement.
b) Synthesis of 5 nm and 10 nm carbazolyl thiol capped AuNPs
HAuCl 4 ·3H 2 O (0.08 g) dissolved in 20 mL oleylamine (OLA) at room temperature and the resulting solution was heated to 150℃ with a heating rate of 5℃ per minute and then kept at 150℃ for 1h, resulting in a wine red solution. The ethanol was added to precipitate AuNPs, and then the centrifugation was performed to purify the NPs to give sepia solid. To complete the ligand exchange, Cbz(CH 2 ) 12 SH rather than Cbz(CH 2 ) 6 SH was used to reduce the steric hindrance. A mixture of AuNPs in toluene and electroactive ligand Cbz(CH 2 ) 12 SH in chloroform was stirred for overnight at room temperature. The resulting solution was precipitated with S14 ethanol and centrifuged to purify the NPs. The resulting solid was dried with Argon flow, and dissolved in refined CH 2 Cl 2 for electrochemical assembly. As for 10 nm carbazolyl thiol capped AuNPs, except that HAuCl 4 ·3H 2 O (0.08 g) dissolved in 10 mL oleylamine (OLA) in the synthetic process of AuNPs, the other processes were unchanged.
c) Synthesis and characterization of organic electroactive ligand
6-(9H-carbazol-9-yl)hexane-1-thiol Figure S22 . Synthesis route of 6-(9H-carbazol-9-yl)hexane-1-thiol.
9-(6-Bromohexyl)-9H-carbazole
Organic electroactive ligands were synthesized according to previous method. S2 NaH (0.96 g, 39.9 mM) was slowly added to a mixture of carbazole (3.3 g, 19.9 mM) in 60mL THF. The mixture was stirred for 1 h and slowly (10 min) added into a solution of 1,6-dibromohexane (4.3 g, 19 .9 mM) in a dropping funnel under nitrogen. This solution was stirred for 12 h at 90℃, quenched with water, extracted with dichloromethane (3×50 mL). The organic phases were collected and combined, dried over Na 2 SO 4 and evaporated under reduced pressure. 
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6-(9H-carbazol-9-yl) hexyl ethanethioate 9-(6-bromohexyl)-9H-carbazole (3.0 g, 9.1 mM) was dissolved in DMF (60 mL), and then potassium thioacetate (1.5 g, 13.3 mM) was added. The mixture was stirred at room temperature for overnight. The solution was quenched with dichloromethane/acidic water (0.5 M HCl) and washed with acidic water for twice. The organic phases were collected and combined, dried with Na 2 SO 4 and evaporated under reduced pressure. The crude product was purified by chromatography (from hexane: CH 2 Cl 2 1:1 
6-(9H-carbazol-9-yl) hexane-1-thiol
6-(9H-carbazol-9-yl) hexyl ethanethioate (2.5 g, 7.7 mM) was dissolved in isopropyl alcohol/THF/H 2 O 2.5:6:1.5, and subsequently the mixture was carefully degassed through a freeze/thaw cycle. Solid KOH (4.3 g, 76.9 mM) was added and stirred at 60℃ for 5 h. The resulting solution was quenched with 0.5 M HCl (pH = 7). The mixture was extracted with dichloromethane (3×50 mL), and the organic phases were collected and combined, dried over Figure S23 . 1 H NMR spectrum of 9-(6-bromohexyl)-9H-carbazole. Figure S24 . 1 H NMR spectrum of 6-(9H-carbazol-9-yl)hexyl ethanethioate. Figure S25 . 1 H NMR spectrum of 6-(9H-carbazol-9-yl)hexane-1-thiol. Figure S26 . Synthesis route of 12-(9H-carbazol-9-yl) hexane-1-thiol.
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9-(12-Bromohexyl)-9H-carbazole
Carbazole (6.7 g, 39.9 mM) was dissolved in 80 mL THF, and then NaH (1.9 g, 79.9 mM) was slowly added and stirred for 1 h. The resulting solution was introduced under nitrogen in a dropping funnel and slowly added in 10 min to a solution of 1,12-dibromohexane (13.1 g, 39.9 mM). The reaction mixture was stirred at 90℃for 12 h, and quenched with water. The mixture was extracted with dichloromethane (3×50 mL) and the organic phases were collected and combined, dried over Na 2 SO 4 and evaporated under reduced pressure. The crude product was S18 purified by chromatography (from hexane: CH 2 Cl 2 10:1 
12-(9H-carbazol-9-yl) hexane-1-thiol
12-(9H-carbazol-9-yl)hexylethanethioate (4.9 g, 12.0 mM) was dissolved in isopropyl alcohol/THF/H 2 O 2.5:6:1.5, and the mixture was subsequently and carefully degassed through a freeze/thaw cycle. Solid KOH (6.7 g, 119.7 mM) was then added and the mixture was stirred at 60℃ for 5 h. The resulting solution was quenched with 0.5 M HCl (pH =7). The mixture was extracted with dichloromethane (3×50 mL), and the organic phases were collected and combined, dried over Na 2 SO 4 and evaporated under reduced pressure. The crude product was washed with water and purified by chromatography (from hexane: dichloromethane 2:1). Yield: 3.5 g, 80%. 
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Figure
S27.
1 H NMR spectrum of 9-(12-bromohexyl)-9H-carbazole. Figure S28 . 1 H NMR spectrum of 6-(9H-carbazol-9-yl)hexyl ethanethioate.
